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(57) A liquid crystal mixture containing (a) at least one compound of a compound of the formula (1): 



x 3 = x 4 



Y,=Y. 




(1) 



in which R is a Ci-C 12 alkyl group, etc.; X 1t X 2 , X3, X4, Y 1( Y 2 , Y 3 and Y 4 represent, independently each other, CH, CF 
or N; A is a hydrogen atom, a 4-R r (cycloalkyl) group, etc. in which Ri is a C r C 12 alkyl group, etc. and p is 0 or 1 ; and 
Z is -C=C- or a single bond, and (b) at least one compound of the formula (4): 
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wherein rings C, D, E and F represent, independently each other, 1,4-phenylene, etc. which may be substituted by 1 , 2 
or 3 fluorine atoms; R 2 is a hydrogen atom, a CrC 12 alkyl group, etc.; R3 is a hydrogen atom, a fluorine atom, a fluor- 
omethyl group, etc.; Z 1( Z 2 and Z3 represent, independently each other, -COO-, -OCO-, -OCH 2 -. -CH^-, a C1-C5 alkylene 
group, a C2-C5 alkenylene group, etc.; J and K 

represent, independently each other, a methylene group or -O-; a, b, c, d and e represent, independently each 
other, 0 or 1 . 
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Description 

The present invention relates to a novel nematic liquid crystal mixture and a liquid crystal device comprising the 
same. In particular, the present invention relates to a liquid crystal mixture having a large anisotropy of refractive index 
(An) and a liquid crystal device comprising the same, for example, an optical shutter, a display device such as a super 
twisted nematic (STN) liquid crystal device or a polymer dispersed liquid crystal (PDLC) device, and so on. 

With the recent progress of information society, the importance of various display devices as one of man-machine 
interfaces increases greatly. In such circumstance, a flat display, in particular, a liquid crystal display (LCD) has been 
quickly spread because it has various characteristics such as thinness, light weight, driving at a low voltage, low con- 
sumption of electric power, and the like. Among the liquid crystal devices one of typical examples of which is a liquid 
crystal display, a matrix type liquid crystal display, which stores a large amount of information, has two driving systems, 
that is, an active matrix system and a passive matrix system. 

In the active matrix system, a thin film transistor (TFT) such as a polysilicon or amorphous silicon or a diode is 
provided on each pixel as a non-linear element. However, the active matrix system has some problems in increasing a 
picture area, lowering a price and increasing a density, because of complicated production processes and low yield. In 
view of a price and productivity, the passive matrix system is more attractive than the active matrix system. 

As the passive matrix liquid crystal devices which are practically used, twisted nematic (TN) and STN liquid crystal 
devices are mainly used. The TN liquid crystal devices are widely used as display devices of watches or portable cal- 
culators. With this system, it is difficult in principle to set up a display having a large picture area, since rise of electrooptical 
properties is slow, and a contrast is considerably decreased with the increase of a duty ratio. 

The STN liquid crystal device was developed to solve such drawbacks of the TN liquid crystal display device. Since 
the STN liquid crystal device has sharply rising electrooptical properties, it makes it possible to make a large picture 
area. These days, the STN liquid crystal devices are used as displays of lap top personal computers, and so on. 

However, while the STN liquid crystal device has better properties than the TN liquid crystal device, it still has some 
problems to be solved for further increase of the picture area, decrease of a price and increase of a density. 

For example, in comparison with the TFT liquid crystal device which is one of the typical example of the active matrix 
liquid crystal device, the STN liquid crystal device is insufficient in a view angle and a response speed. In particular, 
further increase of the picture area and the density are inevitable, and increase of the response speed is essential for 
displaying motion pictures. 

To achieve the high response speed of the STN liquid crystal device, decrease of a cell thickness is one of effective 
methods. The STN liquid crystal device utilizes a birefringence effect for displaying. To use this system, it is necessary 
to suppress the change of color tones and optical characteristics of a panel, that is, to limit a retardation in a specific 
optimum range. Since the retardation R is expressed by the formula: 

R = Anxd (1) 

wherein An is an anisotropy of refractive index, and d is a thickness of the cell, the anisotropy of refractive index An 
should be made large to decrease the thickness d of the cell. 

But, in general, a liquid crystal mixture having the large An has a large viscosity. Then, such mixture is not suitable 
for increasing the response speed of the liquid crystal device. Therefore, a liquid crystal mixture having a large An and 
a low viscosity is desired. 

A dependency of An on temperature is one of the problems to be solved. To suppress the change of An in a working 
temperature range, it is generally effective to increase a transition temperature of the liquid crystal mixture. 

Further, in view of the low consumption of electric power, it is advantageous to decrease a threshold voltage. To 
this end, it is necessary to increase an anisotropy of dielectric constant Ae. 

An object of the present invention is to provide a liquid crystal mixture having a large anisotropy of refractive index 
(An). 

Another object of the present invention is to provide a liquid crystal mixture having a large anisotropy of dielectric 
constant (Ae) in addition to the large anisotropy of refractive index (An). 

A further object of the present invention is to provide a liquid crystal mixture which has a N (nematic) phase in a 
wide temperature range including room temperature. 

A yet another object of the present invention is to provide a liquid crystal mixture which has a low viscosity and a 
small response parameter (n./An2), whereby it is excellent in response properties. 

A yet further object of the present invention is to provide a liquid crystal device comprising such liquid crystal mixture. 
According to a first aspect of the present invention, there is provided a liquid crystal mixture comprising 
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(a) at least one compound selected from the group consisting of a compound of the formula (1): 
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wherein R is a C r Ci 2 alkyl group, a C 2 -Ci 6 alkenyi group or a C 2 -Ci 6 alkoxyalkyl group; X 1( X 2 , X 3 , X4, Y-i, Y 2 , Y 3 
and Y 4 represent, independently each other, CH, CF or N; A is a hydrogen atom, a 4-R r (cycloalkyl) group, a 4-R r 
(cycloalkenyl) group or a R-|-(0) p group in which R1 is a CrCi 2 alkyl group, a C 2 -Ci 2 alkenyi group, a C 2 -Ci 2 alkynyl 
group or a C 2 -Ci 2 alkoxyalkyl group, and p is 0 or 1 ; and Z is -C=C- or a single bond, 
a compound of the formula (2): 



wherein B is a fluorine atom, a trifluoromethyl group, a trifluoromethoxy group or a cyano group; and R, X 1( X 2 , X 3l 
X4, Y 1f Y 2 , Y 3 , Y 4 and 2 are the same as defined in the formula (1) and 
a compound of the formula (3): 



wherein C is a CrC 12 alkyl group, a C 2 -Ci 2 alkenyi group, a CrC^ alkoxyalkyl group, a 4-R r (cycloalkyl) group, a 
4-R 1 -(cycloalkenyl) group or a Rr(0) p group, a fluorine atom, a trifluoromethyl group, a trifluoromethoxy group or 
a cyano group; and R, X 1( X 2 , X 3 , X4, Y 1t Y 2 , Y 3 , Y 4 , Ri and p are the same as defined in the formula (1), and 

(b) at least one compound of the formula (4): 



wherein rings C, D, E and F represent, independently each other, 1 ,4-phenylene, 1,4-cyclohexylene, 1 ,4-cyclohex- 
elene, 4,1-cyclohexelene, 2,5-cyclohexelene, 5,2-cyclohexelene, 3,6-cyclohexelene, 6,3-cyclohexelene, 2,5-pyrimi- 
dinediyl, 5,2-pyrimidinediyl, 2,5-pyridinediyl, 5,2-pyridinediyl, 2,5-dioxanediyl or 5,2-dioxanediyl, each of which may 
be substituted by 1 , 2 or 3 fluorine atoms; R 2 is a hydrogen atom, a C r C 12 alkyl group, a G 2 -C 12 alkenyi group, a 
C r C 16 alkoxy group or a C 2 -Cie alkoxyalkyl group; R 3 is a hydrogen atom, a fluorine atom, a f luoromethyl group, a 
difluoromethyl group, a trifluoromethyl group, a fluoromethoxy group, a difluoromethoxy group, a trifluoromethoxy 
group, a cyano group, a CrC 12 alkyl group, a C 2 -C 12 alkenyi group, a CrC^ alkoxy group or a C 2 -Ci6 alkoxyalkyl 
group; Z 1( Z 2 and Z 3 represent, independently each other, -COO-. -OCO-, -OCH 2 -, -CH^-, a C1-C5 alkylene group, 
a C2-Cs alkenylene group, a C 2 -C 5 alkynylene group or a single bond; J and K represent, independently each other, 
a methylene group or -O-; a, b, c, d and e represent, independently each other, 0 or 1 with the proviso that a sum 
of b, c and d is at least 1 (one), that when R 2 is an alkoxy group, a is 0 (zero), that when R 3 is an alkoxy group, e is 
0 (zero), and that in the case where R 2 and R 3 are not alkoxy groups, a is 1 when b is 1 and the ring C is a 1,4- 
phenylene, 2,5-pyrimidinediyl, 5,2-pyrimidinediyl, 2,5-pyridinediyl or 5,2-pyridinediyl, or when b is 0, c is 1 and the 
ring D is 1,4-phenylene, 2,5-pyrimidinediyl, 5,2-pyrimidinediyl 2,5-pyridinediyl or 5,2-pyridinediyl, or when b is 0, c 
is 0, d is 1 and the ring E is 1 ,4-phenylene, 2,5-pyrimidinediyl, 5,2-pyrimidinediyl 2,5-pyridinediyl or 5,2-pyridinediyl; 
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or e is 1 when the ring F is 1 ,4-phenylene, 2,5-pyrimidinediyl, 5,2-pyrimidinediyl, 2,5-pyridinediyl or 5,2-pyridinediyl, 
which compound (4) is not a compound of the formula (1), (2) or (3). 

In an embodiment, the liquid crystal mixture comprises at least one compound selected from the group consisting 
the compound of the formula (1) and the compound of the formula (2); at least one compound of the formula (3); and 
at least one compound of the formula (4). 

In another embodiment, the liquid crystal mixture comprises at least one compound selected from the group con- 
sisting the compound of the formula (1) and the compound of the formula (2); and at least one compound of the formula 
(4). 

According to a second aspect of the present invention, there is provided a liquid crystal device comprising a pair of 
electrode substrates, and a layer of the liquid crystal mixture according to the present invention present between said 
pair of the electrode substrates. 

In a first preferred embodiment of the present invention, the liquid crystal mixture comprises 

(a') at least one compound selected from the group consisting of a compound of the formula (5): 



Y 1= Y 2 



Y,-Y, 



R 



(5) 



25 



wherein R is a Ci-C 12 alkyl group, a C 2 -Ci 2 alkenyl group or a C 2 -C 16 alkoxyalkyl group; X 1( X 2 X 3 , X4, Y 1t Y 2l Y 3 
and Y 4 represent, independently each other, CH, CF or N; and A is a hydrogen atom, a 4-R r (cycloalkyl) group, 4- 
Rr(cycloalkenyl) group or a Rr(0) p group in which Ft, is a C r C 12 alkyl group, a Cz-Ci 2 alkenyl group or a C2-C 12 
alkynyl group, and p is 0 or 1 , a compound of the formula (6): 



30 




X 3 =X 4 



(6) 



35 



wherein B is a fluorine atom, a trifluoromethyl group, a trifluoromethoxy group or a cyano group; and R, X 1f X 2 , X 3 , 
X4. Y 1t Y 2 , Y 3 and Y 4 are the same as defined in the formula (5) and a compound of the formula (7): 



40 



(X)r 




(Y)s 




R 



(7) 



45 



50 



55 



wherein C is a hydrogen atom, a fluorine atom, a trifluoromethyl group, a tifluoromethoxy group, a cyano group, a 
4-R r (cycloalkyl) group, 4-R r (cycloalkenyl) group or a Rr(0) p group in which and p are the same as defined in 
the formula (5); R is a C r C 12 alkyl group, a C 2 -C 12 alkenyl group or a C2-C16 alkoxyalkyl group; X and Y represent, 
independently each other, a hydrogen atom or a fluorine atom; and r and s are each an integer from 0 to 3, and 

(b') at least one compound selected from the group consisting of a compound of the formula (8): 



(8) 




wherein R 2 is a hydrogen atom, a C r Ci 2 alkyl group, a C2-C12 alkenyl group, a CrC 16 alkoxy group or a C r C 16 
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alkoxyalkyl group; rings L, M and N represent, independently each other, 1 ,4-phenylene, 1,4-cyclohexylene, 2,5- 
pyrimidinediyl, 5,2-pyrimidinediyl, 2,5-dioxanediyl or 5,2-dioxanediyl; Z 1p Z 2 and Z3 represent, independently each 
other, -COO-, -OCO-, -OCH 2 -, -CH2O-, a C1-C5 alkylene group, a C2-C5 alkenylene group, a C2-C5 alkynylene group 
or a single bond; W 1 is a hydrogen atom, a fluorine atom, a fluoromethyl group, a drf luoromethyt group, a trif luor- 
omethyl group, a f luoromethoxy group, a dif luoromethoxy group, a trif luoromethoxy group or a cyano group; W 2 and 
W3 represent, independently each other, a hydrogen atom or a fluorine atom; and each f is 0 or 1 and a compound 
of the formula (9): 



(9) 




wherein each R 2 is a hydrogen atom, a C-|-C 12 alkyl group, a C 2 -C 12 alkenyl group, a C r C 16 alkoxy group or a C 2 - 
C 16 alkoxyalkyl group; rings L, M, N and P represent, independently each other, 1 ,4-phenylene, 1,4-cyclohexylene, 
2,5-pyrimidinediyl, 5,2-pyrimidinediyl, 2,5-dioxanediyl or 5,2-dioxanediyl; Z 1t Z 2 and Z 3 represent, independently 
each other, -COO-, -OCO-, -OCH 2 -. -CH2O-, a C-1-C5 alkylene group, a C^Cs alkenylene group, a C^Cs alkynylene 
20 group or a single bond; and each f is 0 or 1 . 

In a second preferred embodiment of the present invention, the liquid crystal mixture comprises at least one com- 
pound selected from the group consisting of the compound of the formula (5) and the compound of the formula (6); at 
least one compound of the formula (7); and at least one compound selected from the group consisting of the compound 
25 of the formula (8) and the compound of the formula (9). 

In a third preferred embodiment of the present invention, the liquid crystal mixture comprises at least one compound 
selected from the group consisting of the compound of the formula (5) and the compound of the formula (6), and at least 
one compound selected from the group consisting of the compound of the formula (8) and the compound of the formula 
(9). 

30 In a fourth preferred embodiment of the present invention, the liquid crystal mixture comprises at least one compound 
selected from the group consisting of the compound of the formula (1 ) and the compound of the formula (2), and at least 
one compound of the formula (4), provided that the mixture contains at least one compound of the formula (4) in which 
at least one of the rings C, D, E and F is 1 ,4-phenylene, 1 P 4-cyclohexelene, 4,1-cyclohexelene, 2,5-cyclohexelene, 5,2- 
cyclohexelene, 3,6-cyclohexelene, 6,3-cydohexelene, 2,5-pyrimidinediyl, 5,2-pyrimidinediyl, 2,5-pyridinediyl, 5,2-pyrid- 

35 inediyl, 2,5-dioxanediyl or 5,2-dioxanediyl, each of which is substituted by 1 , 2 or 3 fluorine atoms. 

In a fifth preferred embodiment of the present invention, the liquid crystal mixture comprises at least one compound 
selected from the group consisting of the compound of the formula (1) and the compound of the formula (2), and at least 
one compound of the formula (4) in which the ring F is 1,4-cyclohexylene, 2,5-dioxanediyl or 5,2-dioxanediyl, each of 
which may be substituted by 1 , 2 or 3 fluorine atoms. 

40 In a sixth preferred embodiment of the present invention, the liquid crystal mixture comprises at least one compound 
selected from the group consisting of the compound of the formula (1 ) and the compound of the formula (2), and at least 
one compound of the formula (10): 




(10) 



wherein the rings C, D and E, R 2 , R 3 , Z 1( Z 2r Z 3 , J, a, b, c and d are the same as defined in the formula (4). 

In a seventh preferred embodiment of the present invention, the liquid crystal mixture comprises at least one com- 
pound selected from the group consisting of the compound of the formula (1) and the compound of the formula (2), and 
55 at least one compound of the formula (4) in which the ring F is 1 ,4-phenylene, 2,5-pyrimidinediyl, 5,2-pyrimidinediyl, 2,5- 
pyridinediyl or 5,2-pyridinediyl, each of which may be substituted by 1 , 2 or 3 fluorine atoms. 

In an eighth preferred embodiment of the present invention, the liquid crystal mixture comprises at least one com- 
pound selected from the group consisting of the compound of the formula (1) and the compound of the formula (2), and 



BNSDOCID: <EP 0709444A1_L> 



at least one compound of the formula (11): 



EP 0 709 444 A1 



5 




(11) 



wherein R 2 , J and the rings C and D are the same as defined in the formula (4); a and g are each 0 or 1 ; and f is 0, 1 
or 2, provided that, when R 2 is an alkoxy group, a is 0, and that in the case where R 2 is not an alkoxy group, a is 1 when 
g is 1 , and the ring C is 1 ,4-phenylene, 2,5-pyrimidinediyl, 5,2-pyrimidinediyl, 2,5-pyridinediyl or 5,2-pyridinediyl, which 
15 compound (11) is not a compound of the formula (1) or (2). 

In a ninth preferred embodiment of the present invention, the liquid crystal mixture comprises at least one compound 
selected from the group consisting of the compound of the formula (1 ) and the compound of the formula (2), and at least 
one compound of the formula (12): 



20 



25 




(12) 



wherein R 2 , J, the rings C and D, a, g and f are the same as defined in the formula (11); and R3 and K are the same as 
30 defined in the formula (4), provided that e is 0 when R3 is an alkoxy group or e is 1 when R3 is not an alkoxy group, 
which compound (12) is not a compound of the formula (1) or (2). 

In a tenth preferred embodiment of the present invention, the liquid crystal mixture comprises at least one compound 
selected from the group consisting of the compound of the formula ( 1 ) and the compound of the formula (2) , and at least 
one compound selected from the group consisting of a compound of the formula (13): 



40 




45 wherein R 2 , J, the rings C and D, a, g and f are the same as defined in the formula (1 1), provided that a is 0 when R 2 is 
an alkoxy group, and that in the case where R 2 is not an alkoxy group, a is 1 when g is 1 and the ring C is 1 ,4-phenylene, 
2,5-pyrimidinediyl, 5,2-pyrimidinediyl, 2,5-pyridinediyl or 5,2-pyridinediyl, which compound (13) is not a compound of 
the formula (1 ) or (2) and a compound of the formula (14): 



50 



55 




BNSDOCID: <EP 0709444A1 _l_> 



6 



EP 0 709 444 A1 

wherein R 2 , J, the ring C,a,g, R3. K, e and fare the same as defined in the formula (1 1); and h is 0 or 1, which compound 
(14) is not a compound of the formula (1 ) or (2). 

In an eleventh preferred compound of the present invention, the liquid crystal mixture comprises at least one com- 
pound selected from the group consisting of the compound of the formula (1) and the compound of the formula (2), and 

5 at least one compound of the formula (4) in which the ring F is 1 ,4-cyclohexelene, 4, 1 -cyclohexelene, 2,5-cyclohexelene, 
5,2-cyclohexelene, 3,6-cyclohexelene or 6,3-cyclohexylene, each of which may be substituted by 1 , 2 or 3 fluorine atoms. 

In a twelfth preferred embodiment of the present invention, the liquid crystal mixture comprises at least one com- 
pound selected from the group consisting of the compound of the formula (5), the compound of the formula (6) and the 
compound of the formula (7), and at least one compound selected from the group consisting of a compound of the 

10 formula (15): 



75 




20 

wherein R 2 is a hydrogen atom, a C r C 12 alkyl group, a C 2 -C 12 alkenyl group, a CrC 16 alkoxy group or a C 2 -C 16 alkoxy - 
alkyl group; rings Land M represent, independently each other, 1 ,4-phenylene, 1 ,4-cyclohexylene, 2,5-pyrimidinediyl, 
5,2-pyrimidinediyl, 2,5-dioxanediyl or 5,2-dioxanediyl; W-i is a hydrogen atom, a fluorine atom, a f luoromethyl group, a 
dif luoromethyl group, a trrf luoromethyl group, afluoromethoxy group, a dif luoromethoxy group, a trrf luoromethoxy group 
25 or a cyano group; W 2 and W 3 represent, independently each other, a hydrogen atom or a fluorine atom; and each f is 
0 or 1 and a compound of the formula (16): 



30 




35 

wherein each R 2 is a hydrogen atom, a C r Ci 2 alkyl group, a C2-C12 alkenyl group, a C r Ci 6 alkoxy group or a C 2 -Ci6 
alkoxyalkyl group; rings L, M and N represent independently each other, 1,4-phenylene, 1 ,4-cyclohexylene 2,5-pyrimi- 
dinediyl 5,2-pyrimidinediyl, 2,5-dioxanediyl or 5,2-dioxanediyl; and each f is 0 or 1. 

In a thirteenth preferred embodiment of the present invention, the liquid crystal mixture comprises at least one 

40 compound selected from the group consisting of the compound of the formula (5) and the compound of the formula (6), 
at least one compound of the formula (7), and at least one compound selected from the group consisting of the compound 
of the formula (15) and the compound of the formula (16). 

In a fourteenth preferred embodiment of the present invention, the liquid crystal mixture comprises at least one 
compound selected from the group consisting of the compound of the formula (5) and the compound of the formula (6), 

45 and at least one compound selected from the group consisting of the compound of the formula (15) and the compound 
of the formula (16). 

In a further preferred embodiment of the present invention, the liquid crystal device comprises a pair of electrode 
substrates, and at least one liquid crystal mixture selected from the above described liquid crystal mixtures present 
between said pair of the electrode substrates. 
so Now, preferred examples of the compounds to be used in the liquid crystal mixture of the present invention will be 
explained. 

In the formulas (1) and (5), examples of the group A are methyl, ethyl, propyl, butyl, pentyl, hexyl, heptyl, octyl, nonyl, 
decyl, undecyl, dodecyl, ethenyl, propenyl. butenyl, pentenyl, hexenyl, heptenyl, octenyl, nonenyl, decenyl, undecenyl, 
dodecenyl, propynyl, butynyl, pentynyl, hexynyl, heptynyl, octynyl, nonynyl, decynyl.dodecynyl, methoxy, ethoxy, propoxy, 
55 butoxy. pentyloxy, hexyloxy, heptyloxy. octyloxy, nonyloxy, decyloxy, undecyloxy, dodecyloxy, vinyloxy, propenyloxy, bute- 
nyloxy, pentenyloxy, hexynyloxy, heptenyloxy, octenyloxy, nonenyloxy, decenyloxy, propynyloxy, butynyloxy, pentynyloxy, 
hexynyloxy, heptynyloxy, octynyloxy, nonynyloxy, decynyloxy, undecynyloxy, dodecynyloxy, methoxymethyl, ethoxyme- 
thyl, propoxymethyl, butoxymethyl, pentyloxy methyl, hexyloxymethyl, heptyloxymethyl, octyloxymethyl, nonyloxymethyl, 
decyloxymethyl, methoxyethyl, ethoxyethyl, propoxyethyl, butoxyethyl, pentyloxy ethyl, hexyloxyethyl, heptyloxyethyl, 
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octyloxyethyl, nonyloxyethyt, decyloxyethyl, methoxypropyl, ethoxypropyl, propoxypropyl, butoxypropyl.pentyloxypropyl, 
hexyloxypropyl, heptyloxypropyl, octyloxypropyl, nonyloxypropyl, decyloxypropyl, methoxybutyl, ethoxybutyl, propoxy- 
butyl, butoxybutyl, pentyloxybutyl, hexyloxybutyl, heptyloxybutyl, octyloxybutyl, nonyloxybutyl, decyloxybutyl, methox- 
ypentyl, ethoxypentyl, propoxypentyl, butoxypentyl, pentyloxypentyl, hexyloxypentyl, heptyloxypentyl, octyloxypentyl, 
nonyloxypentyl, decyloxypentyl, 4-methylcyclohexyl, 4-ethylcyclohexyl, 4-propylcyclohexyl, 4-butylcyclohexyl, 4-pentyl- 
cyclohexyl, 4-hexylcyclohexyl, 4-heptylcyclohexyl, 4-octylcyclohexyl, 4-nonylcyclohexyl, 4-decylcyclohexyl, 4-propylcy- 
clohexenyl, each of which may be substitued by at least one fluorine atom, a hydrogen atom, etc. 

Examples of the group R are methyl, ethyl, propyl, butyl, pentyl, hexyl, heptyl, octyl, nonyl, decyl, undecyl, dodecyl, 
ethenyl, propenyl, butenyl, pentenyl, hexenyl, heptenyl, octenyl, nonenyl, decenyl, undecenyl, dodecenyl, propynyl, buty- 
nyl, pentynyl, hexynyl, heptynyl, octynyl, nonynyl, decynyl, dodecynyl, methoxymethyl, ethoxymethyl, propoxym ethyl, 
butoxymethyl, pentyloxymethyl, hexyloxymethyl, heptyloxymethyl, octyloxymethyl, nonyloxymethyl, decyloxymethyl, 
methoxyethyl, ethoxyethyl, propoxyethyl, butoxyethyl, pentyloxyethyl, hexyloxyethyl, heptyloxyethyl, octyloxyethyl, non- 
yloxyethyl, decyloxyethyl, methoxypropyl, ethoxypropyl, propoxypropyl, butoxypropyl, pentyloxypropyl, hexyloxypropyl, 
heptyloxypropyl, octyloxypropyl, nonyloxypropyl, decyloxypropyl, methoxybutyl, ethoxybutyl, propoxybutyl, butoxybutyl, 
pentyloxybutyl, hexyloxybutyl, heptyloxybutyl, octyloxybutyl, nonyloxybutyl, decyloxybutyl, methoxypentyl, ethoxypentyl, 
propoxypentyl, butoxypentyl, pentyloxypentyl, hexyloxypentyl, heptyloxypentyl, octyloxypentyl, nonyloxypentyl, decy- 
loxypentyl, each of which may be substiuted by at least one fluorine atom, etc. 

Examples of the aromatic ring comprising the ring structure X 1( X 2 , X 3 , X4, Y 1( Y 2 , Y 3 or Y 4 are 1 ,4-phenylene, 1 ,4- 
(2-fluoro)phenylene, 1 ,4-(3-fluoro)phenylene, 1 ,4-(2,5-dif luoro)phenylene, 1 ,4-(3,6-difluoro)phenylene, 1,4-(2,6-dif- 
luoro)phenylene, 1 ,4-(3,5-dif luoro)phenylene, 2,5-pyrimidinediyl, 5,2-dipyrimidinediyl, 2,5-pyridinediyl, 5,2-pyridinediyl, 
etc. 

Examples of the group Z are a single bond and -C^C-, 

In the formulas (2) and (6), examples of the group B are a fluorine atom, a trif luoromethyl group, a trifluoromethoxy 
group, and a cyano group. 

Examples of the groups R and Z and the aromatic ring comprising the ring structure X 1p X 2 , X 3 , X 4 , Y 1f Y 2 , Y 3 or Y 4 
are the same as those described above in connection with the formula (1). 

In the formula (3), examples of the group C are the same as those described above in connection with the group A 
in the formula (1) or the group (B) in the formula (2). Examples of the group R and the aromatic ring comprising the ring 
structure X 1p X 2 , X 3 , X4, X 1( Y 2 , Y 3 or Y 4 are the same as those described above in connection with the formula (1). 

In the formula (7), examples of the groups C and R are the same as those described above in connection with the 
formula (3). X and Y are each a hydrogen atom or a fluorine atom, r and s are each an integer of 0 to 3. 
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Specific examples of the compound of the formula (4) are as follows. Specific examples of the compounds of the 
formulas (8) to (16) are included in the following compounds. 
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(W) x 




Examples of the group R2 in the above exemplified compounds are a hydrogen atom, methyl, ethyl, propyl, butyl, 
pentyl, hexyl, heptyl, octyl, nonyl, decyl, undecyl, dodecyl, ethenyl, propenyl, butenyl, pentenyl, hexenyl, heptenyl, octe- 
nyl, nonenyl, decenyl, undecenyl, dodecenyl, propynyl, butynyl, pentynyl, hexynyl, heptynyl, octynyl, nonynyl, decynyl, 
dodecynyl, methoxy, ethoxy, propoxy, butoxy, pentyloxy, hexyloxy, heptyloxy, octyloxy, nonyloxy, decyl oxy, undecyloxy, 
dodecyloxy, vinyloxy, propenyloxy, butenyloxy, pentenyloxy, hexynyloxy, heptenyloxy, octenyloxy, nonenyloxy, decenyloxy, 
propynyloxy, butynyloxy, perrtynyloxy, hexynyloxy, heptynyloxy, octynyloxy, nonynyloxy, decynyloxy, undecynyloxy, 
dodecynyloxy, methoxy methyl, ethoxymethyl, propoxy methyl, butoxy methyl, pentyloxymethyl, hexyloxymethyl, hepty- 
loxymethyl, octyloxymethyi, nonyloxymethyl, decyloxymethyl, methoxyethyl, ethoxyethyl, propoxyethyt, butoxyethyl, 
pentyloxyethyl, hexyloxyethyl, heptyloxyethyl, octyloxyethyl, nonyloxyethyl, decyloxyethyl, methoxypropyl, ethoxypropyl, 
propoxypropyl, butoxypropyl. pentyloxypropyl, hexyloxypropyl, heptyloxypropyl, octyloxypropyl, nonyloxypropyl, decy- 
loxypropyl, methoxybutyl, ethoxybutyl, propoxybutyl, butoxybutyl. pentyloxybutyl, hexyloxybutyl, heptyloxybutyl, octyloxy- 
butyl, nonyloxybutyl. decyloxybutyl, methoxypentyl, ethoxypentyl, propoxypentyl, butoxypentyl, pentyloxypentyl, 
hexyloxyperrtyl, heptyloxypentyl, octyloxypentyl, nonyloxypentyl, decyloxypentyl, each of which may be substituted by 
at least one fluorine atom, etc. 

Examples of the group R3 in the above exemplified compounds are a hydrogen atom, a fluorine atom, methyl, 
methoxy, a f luoromethyl group, a drf luoromethyl group, a trrf luoromethyl group, a f luoromethoxy group, a dif luoromethoxy 
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group, a trrfluoromethoxy group, a cyano group, ethyl, propyl, butyl, pentyl, hexyl, heptyl, octyl, nonyl, decyl, undecyl, 
dodecyl, ethenyl, propenyl, butenyl, pentenyl, hexenyl, heptenyl, octenyl, nonenyl, decenyl, undecenyl, dodecenyl, pro- 
pynyl, butynyl, pentynyl, hexynyl, heptynyl, octynyl, nonynyl, decynyl, dodecynyl, ethoxy, propoxy, butoxy, pentyloxy, 
hexyloxy, heptyloxy, octyloxy, nonyloxy, decyloxy, undecyloxy, dodecyloxy, vinyloxy, propenyloxy, butenyloxy, pentenyloxy, 
hexynyloxy, heptenyloxy, octenyloxy, nonenyloxy, decenyloxy, propynyloxy, butynyloxy, pentynyloxy, hexynyloxy, hepty- 
nyloxy, octynyloxy, nonynyloxy, decynyloxy, undecynyloxy, dodecynyloxy, methoxymethyl, ethoxymethyl, propoxymethyl, 
butoxymethyl, pentyloxymethyl, hexyloxymethyl, heptyloxymethyl, octyloxymethyl, nonyloxy methyl, decyloxymethyl, 
methoxyethyl, ethoxyethyl, propoxyethyl, butoxyethyl, pentyloxyethyl, hexyloxyethyl, heptyloxyethyl, octyloxyethyl, non- 
yloxyethyl, decyloxyethyl, methoxypropyl, ethoxypropyl, propoxypropyl, butoxypropyl, pentyloxypropyl, hexyloxypropyl, 
heptyloxypropyl, octyloxypropyl, nonyloxypropyl, decyloxypropyl, methoxybutyl, ethoxybutyl, propoxybutyl, butoxybutyl, 
pentyloxybutyl, hexyloxybutyl, heptyloxybutyl, octyloxybutyl, nonyloxybutyl, decyloxybutyl, methoxypentyl, ethoxypentyl, 
propoxypentyl, butoxypentyl, pentyloxypentyl, hexyloxypentyl, heptyloxypentyl, octyloxypentyl, nonyloxypentyl, decy- 
loxypentyl, each of which may be substituted by at least one fluorine atom, etc. 

W is a hydrogen atom or a fluorine atom, and x is an integer of 0 to 3. 

The group of the formula: 



represents 1,4-phenylene, 1 ,4-cyclohexylene, 1 ,4-cyclohexelene, 4,1-cyclohexelene, 2,5-cyclohexelene, 5,2-cyclohex- 
elene, 3,6-cyclohexelene, 6,3-cyciohexelene, 2,5-pyrimidinediyi, 5,2-pyrimidinediyl, 2,5-pyridinediyl, 5,2-pyridinediyl, 
2,5-dioxanediyl or 5,2-dioxanediyl, each of which may be substituted by 1 , 2 or 3 fluorine atoms. 

More preferably, the ring G is 1,4-phenylene, 1 ,4-cyclohexylene, 1 ,4-cyclohexelene, 4,1-cyclohexelene, 2,5- 
cyclohexelene, 5,2-cyclohexelene, 3,6-cyclohexelene or 6,3-cyclohexelene, each of which may be substituted by 1 , 2 or 
3 fluorine atoms. 

In the formulas (8), (9), (15) and (16), the group represents a hydrogen atom, a fluorine atom, a fluoromethyl 
group, a dif luoromethyl group, a trrf luoromethyl group, a f luoromethoxy group, a dif luoromethoxy group, a trif luoromethoxy 
group or a cyano group, and W 2 and W 3 represent, independently each other, a hydrogen atom or a fluorine atom. 2 1t 
Z 2 and Z3 represent, independently each other, -COO-, -OCO-, OCH2-, -CH2O-, a C1-C5 alkylene group, a C 2 -C 5 alke- 
nylene group, a C 2 -C 5 alkynylene group or a single bond. The rings L, M, N and P represent, independently each other, 
1 ,4-phenylene, 1 ,4-cyclohexylene, 4,1-cyclohexelene, 2,5-pyrimidinediyl, 5,2-pyrimidinediyl, 2,5-dioxanediyl or 5,2-diox- 
anediyl, more preferably 1,4-phenylene, 1 ,4-cyclohexylene and 4,1-cyclohexelene. 




represents 1 ,4-cyclohexylene, and the group of the formula: 
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Each of the liquid crystal mixture of the present invention may contain at least one chiral compound as a twisting 
agent. A kind of the chiral compound is not limited, and preferred examples thereof are as follows: 

CH, 
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Examples 

The present invention will be illustrated by the following Examples, which do not limit the scope of the present 
invention in any way. 

The properties of the liquid crystal mixture are measured by the following methods: 

Anisotropy of refractive index (An) is determined by measuring a retardation by the Senarmont method at a wave- 
length of 589 nm. 

Anisotropy of dielectric constant (Ae), which is a difference between a dielectric constant in a longer axis direction 
and that in a shorter axis direction of a liquid crystal molecule, is determined by measuring an electrostatic capacity of 
a liquid crystal mixture as follows: 

An amount of a liquid crystal mixture is placed in a homogeneously orientated cell having a pair of transparent 
electrodes, and an electrostatic capacity is measured while applying an voltage on the cell. The dielectric constant in 
the longer axis direction of the liquid crystal molecule is calculated from an electrostatic capacity at the infinite applied 
voltage according to the following equation (2): 



e x e 0 = Cxd/s 



(2) 
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wherein eo is the dielectric constant of vacuum, C is an electrostatic capacity, d is a thickness of the cell, and s is an 
area of an electrode. 

The electrostatic capacity at the infinite applied voltage is obtained by plotting the electrostatic capacities against 
the reciprocal of the applied voltages and extrapolating the plots. 
s The dielectric constant in the shorter axis direction of the liquid crystal molecule is obtained from an electrostatic 

capacity at a voltage lower than the threshold voltage in the similar way. 

Then, the anisotropy of dielectric constant (Ae) is obtained as a difference between the two dielectric constants. 
An upper limit temperature (TNI) (°C) of a nematic phase of the liquid crystal mixture is obtained by observing a 
transparent point with raising the temperature by a polarized light microscope. 
10 A viscosity of a liquid crystal mixture is measured using a falling ball viscometer (AMV-200 manufactured by Anton 
PAAR). 

Example 1 

75 As compounds of the formula (4) or (8) or (1 1) or (15), the compounds (4-1) to (4-4) were mixed in the following 
ratios to prepare Mixture A. 



ComDonents of Mixture A 


Mole % 


Compound (4-1) 




24 


Compound (4-2) 


C 5 Hh-(h)-0~ CN 


36 


Compound (4-3) 


c 7 h 15 -(h)-<Q^cn 


25 


Compound (4-4) 


c 5 h„-(h)-Q-0" cn 


15 



30 



To Mixture A, the following compound (1-1), which is an example of the compound of the formula (1) or (5), was 
added in the following ratios to prepare Mixture B. 

35 

Components of Mixture B Mole % 

Compound (1-1) C 3 H 7^(3 ~ C^^C H 15 

40 3 7 

Mixture A 85 



45 The anisotropies of refractive index (An) of Mixtures B and A were 0.167 and 0.136, respectively. 

As seen from these values, the liquid crystal mixture of the present invention had the larger anisotropies of refractive 
index. 



so 



55 



BNSDCCID: <EP 0709444A1 _l_> 



57 



10 



EP 0 709 444 A1 

Example 2 

To Mixture A prepared in Example 1, the following compound (1-2), which is an example of the compound of the 
formula (1) or (5), was added in the following ratios to prepare Mixture C. 

Components of Mixture C Mole % 

Compound (1-2) C 3 H 7 -h(^)-h^^ = ^~)^^ c H 15 

Mixture A 85 



is The anisotropics of refractive index (An) and the upper limit temperatures (TNI) of the nematic phase of Mixtures A 

and C were as follows: 



Mixture 


An 


TNI 


Mixture C 
Mixture A 


0.169 
0.136 


95 
72 



25 

As seen from the above values, the liquid crystal mixture of the present invention had the larger anisotropy of refrac- 
tive index and also the higher TNI. 

Example 3 

30 

To Mixture A prepared in Example 1 . the following compound (2-1), which is an example of the compound of the 
formula (2) or (6), was added in the following ratios to prepare Mixture D. 

35 Components of Mixture D Mole % 

Compound (2-1) F ~^3 = C^"^-c 3 H 7 15 
Mixture A 85 

40 



The anisotropics of refractive index (An) of Mixtures D and A were 0.164 and 0.136, respectively. 
As seen from these values, the liquid crystal mixture of the present invention had the larger anisotropy of refractive 
45 index. 



so 
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Example 4 

To Mixture A prepared in Example 1, the following compound (2-2), which is an example of the compound of the 
formula (2) or (6), was added in the following ratios to prepare Mixture E. 



10 



Components of Mixture E 
Compound (2-2) N p-^~^y 

Mixture A 



3 n 7 



Mole % 
15 

85 



is The anisotropies of refractive index (An) and the an i sot ropy of dielectric constant (Ae) of Mixtures A and E were as 
follows: 



20 



Mixture 


An 


Ae 


Mixture E 
Mixture A 


0.194 
0.136 


13 
11.8 



25 



30 



As seen from the above values, the liquid crystal mixture of the present invention had the larger anisotropy of refrac- 
tive index and also the larger anisotropy of dielectric constant. 

Example 5 

To Mixture A prepared in Example 1, the following compound (2-3), which is an example of the compound of the 
formula (2) or (6), was added in the following ratios to prepare Mixture R 



35 



40 



Components of Mixture F 



Compound (2-3) 
Mixture A 



Mole % 
15 

85 



The anisotropies of refractive index (An) of Mixtures F and A were 0.153 and 0.136, respectively. 
45 As seen from these values, the liquid crystal mixture of the present invention had the larger anisotropy of refractive 
index. 
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Example 6 

To Mixture A prepared in Example 1 , the following compound (2-4), which is an example of the compound of the 
formula (2) or (6), was added in the following ratios to prepare Mixture G. 



10 



Components of Mixture G 



Compound (2-4) 



0^e 3 „ 7 



Mole % 
15 



Mixture A 



85 



15 

The anisotropics of refractive index (An) of Mixtures G and A were 0.1 41 and 0.1 36, respectively. 
As seen from these values, the liquid crystal mixture of the present invention had the larger anisotropy of refractive 
index. 

20 Example 7 

To Mixture A prepared in Example 1 , the following compound (2-5), which is an example of the compound of the 
formula (2) or (6), was added in the following ratios to prepare Mixture H. 



25 



30 



Components of Mixture H 



Compound (2-5) 



Mixture A 



Mole % 
15 

85 



35 The anisotropics of refractive index (An) and the anisotropy of dielectric constant (Ae) of Mixtures A and H were as 
follows: 



40 



Mixture 


An 


Ae 


Mixture H 
Mixture A 


0.176 
0.136 


13.9 
11.8 



45 



50 



As seen from the above values, the liquid crystal mixture of the present invention had the larger anisotropy of refrac- 
tive index and also the larger anisotropy of dielectric constant. 

Example 8 

The compound (4-1), which is an example of the compound of the formula (4) or (8) or (1 1) or (15), and the com- 
pounds (4-6) and (4-7), which are examples of the compound of the formula (4) or (9) or (1 0) or (1 2), were mixed in the 
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following ratios to prepare Mixture J. 



70 



Components of Mixture J Mole % 
Compound (4-1) C 3 H 7 

Compound (4-6) C 3 H 7 — (j?) — ^J^O^s 31 2 

Compound (4-7) C 3 H 7 — — — C 4 **9 43 2 



15 

To Mixture J, the following compound (2-2), which is an example of the compound of the formula (2) or (6), was 
added in the following ratios to prepare Mixture K. 

2o Components of Mixture K Mole % 

Compound (2-2) NC "O^^J M ^-C 3 H 7 20 
Mixture J 80 

25 

The anisotropics of refractive index (An) of Mixtures K and J were 0. 1 37 and 0.066, respectively. 
As seen from these values, the liquid crystal mixture of the present invention had the larger arrisotropy of refractive 
index. 

30 

Example 9 

The compounds (4-1 ) , (4-8) and (4-9), which are examples of the compound of the formula (4) or (8) or (1 1 ) or (1 5), 
were mixed in the following ratios to prepare Mixture L. 

35 

Components of Mixture L Mole % 

Compound (4-1) ^^^O"™ 12 4 



40 



45 



Compound (4-8) \_J — \ H / — ^ ^ CN 43,8 
Compound (4-9) a / — CH) — L >^-CN 43.8 



To Mixture L, the following compound (2-2), which is an example of the compound of the formula (2) or (6), was 
added in the following ratios to prepare Mixture M. 

50 

Components of Mixture M Mole % 

Compound (2-2) NC-^j) = O^V-c H 20 
55 Mixture L 80 



The anisotropies of refractive index (An) of Mixtures M and L were 0.223 and 0.165, respectively. 



61 



BNSDOCID: <EP 0709444A1_I_> 



EP 0 709 444 A1 

As seen from these values, the liquid crystal mixture of the present invention had the larger anisotropy of refractive 
index. 

Example 10 

5 

The compounds (4-8) and (4-9). which are examples of compound of the formula (4) or (8) or (1 1) or (15), were 
mixed in the following ratios to prepare Mixture N. 



w 



15 



Components of Mixture N Mole % 



Compound (4-8) /TA /=\ 50 




Compound (4-9) \ / \ / \-Jr 50 



To Mixture N, the following compound (1-1), which is an example of the compound of the formula (1) or (5), and the 
20 following compound (2-1), which is an example of the compound of the formula (2) or (6), were added in the following 
ratios to prepare Mixture O. 

Components of Mixture O Mole % 

Compound (1-1) C 3 H 7 hQ = Q^-C 3 H 7 2 ° 

Compound (2-1) F~<(j) — 0^~^C 3 H 7 



25 



30 



35 



20 



Mixture N 60 



The anisotropies of refractive index (An) of Mixtures O and N were 0.186 and 0.157, respectively. 
As seen from these values, the liquid crystal mixture of the present invention had the larger anisotropy of refractive 
index. 

40 

Example 1 1 

The compounds (4-6) and (4-7), which are examples of the compound of the formula (4) or (9) or (10) or (12) or 
(16), were mixed in the following ratios to prepare Mixture R 

45 

Components of Mixture P Mole % 

Compound (4-6) c^-^TV^^OC^ 42.0 

50 ^ ^ ' 

Compound (4-7) C 3 H 7 ~{h)— (h)-C 4 H9 58.0 

55 
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70 



To Mixture P, the following compounds (1-3), (1-4) and (1-5), which are examples of the compound of the formula 
(1) or (5), were added in the following ratios to prepare Mixture Q. 

Components of Mixture Q F Mole % 

Compound (1-3) C 3 H 7 -Q-^-^_ c ^ 156 



Compound (1-4) 



C 3 H 7 



Compound (1-5) L ^ 7 VVW ~ V_^^-c 3 H 7 14 *° 
Mixture P 60 0 



20 



The anisotropies of refractive index (An) of Mixtures P and Q were 0.058 and 0.184, respectively. 
As seen from these values, the liquid crystal mixture of the present invention had the larger anisotropy of refractive 
index. 

25 Example 12 

To Mixture P prepared in Example 11, the following compounds (1-3). (1-4) and (1-5), which are examples of the 
compound of the formula (1) or (5), and the compounds (2-5) and (2-6), which are examples of the formula (2) or (6), 
were added in the following ratios to prepare Mixture R. 

30 

Components of Mixture R p Mole % 

Compound (1-3) C 3 H 7 -<Q> = 



35 



■C 3 H 7 

F 



Compound (1-4) C 3 H 7 -^J^ = 8.3 

40 p 

Compound (1-5) c^-^y^y — 11 2 



45 



50 



55 



Compound (2-5) NC-^^ ~ CZ^~V.c h ^ 

Compound (2-6) NC ~^3 = £^~^_c 5 H u 4 * 8 
Mixture P 60.0 



The anisotropies of refractive index (An) of Mixtures P and R were 0.058 and 0.181 , respectively. 
As seen from these values, the liquid crystal mixture of the present invention had the larger anisotropy of refractive 
index. 
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Example 13 

To Mixture P prepared in Example 1 1 , the following compound (4-5), which is an example of the compound of the 
formula (4) or (8) or (1 1) or (15), was added in the following ratios to prepare Mixture S. 

5 

Components of Mixture S Mole % 

Compound (4-5) NC ^^~^^" c 5 H n 32 5 

10 

Mixture P 67.5 



is To Mixture S, the following compound (1-5), which is an example of the compound of the formula (1) or (5) was 

added in the following ratios to prepare Mixture T. 

Components of Mixture T Mole % 

Compound (1-5) C 3 H 7-0 H 0 K ^ H G^e 3 H 7 
Mixture S 89.0 

25 

The anisotropics of refractive index (An) of Mixtures S and T were 0.102 and 0.139, respectively. 
As seen from these values, the liquid crystal mixture of the present invention had the larger anisotropy of refractive 
index. 

30 

Example 14 

To Mixture S prepared in Example 13, the following compound (1-5), which is an example of the compound of the 
formula (1) or (5), and the following compound (2-5), which is an example of the compound of tfie formula (2) or (6), 
35 were added in the following ratios to prepare Mixture U. 



40 



45 



so 



components ot Mixture u p MOie 

Compound (1-5) C 3 H ? -QhQ = ^ ^^"V-c H 

F 

Compound (2-5) HC — ( g ) ^ 10.0 



C 3 H 7 

Mixture S 80.0 



The anisotropics of refractive index (An) of Mixtures S and U were 0. 1 02 and 0. 1 75, respectively. 
As seen from these values, the liquid crystal mixture of the present invention had the larger anisotropy of refractive 
index. 

55 
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Example 15 

To Mixture P prepared in Example 1 1 , the following compound (4-5), which is an example of the compound of the 
formula (4) or (8) or (11) or (15), was added in the following ratios to prepare Mixture V. 

5 

Components of Mixture V Mole % 

Compound (4-5) 

10 

Mixture P 77.6 



15 To Mixture V, the following compounds (1-3), (1-4) and (1-5), which are examples of the compound of the formula 
(1) or (5), and the following compounds (2-5) and (2-6), which are examples of the compound of the formula (2) or (6), 
were added in the following ratios to prepare Mixture W. 

20 Components of Mixture W p Mole % 

Compound (1-3) ^--Q— -^-^ 8.4 



25 



30 



35 



40 



Compound (1-4) Cj h,_Q^_^^ 5.6 
Compound (1-5) W-^-Q-^-^^ 9.0 



Compound (2-5) ^ c ^y^Q^_^ 4.0 

F 

Compound (2-6) ncm^ ) = 0~^- C h 6 "° 

Mixture V 67.0 



45 The anisotropics of refractive index (An) of Mixtures V and W were 0.086 and 0. 1 78, respectively. 

As seen from these values, the liquid crystal mixture of the present invention had the larger anisotropy of refractive 
index. 



50 



55 
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Example 16 



To Mixture P prepared in Example 1 1 , the following compound (4-5), which is an example of the compound of the 
formula (4) or (8) or (11) or (15), was added in the following ratios to prepare Mixture X. 

5 



Components of Mixture X 


Mole % 


Compound (4-5) 
Mixture P 


19.4 
80.6 



To Mixture X, the following compounds (1-3), (1-4) and (1-5), which are examples of the compound of the formula 
is (1) or (5), and the following compounds (2-5) and (2-6), which are examples of the compound of the formula (2) or (6), 
were added in the following ratios to prepare Mixture Y 



20 



25 



30 



35 



Components of Mixture Y F Mole % 

Compound (1-3) W-^^-^h-^^ 8.4 

F 

C 3 H 7 



Compound (1-4) c,h 7 -Q-«--Q-^ 5 6 



9.0 



Compound (1-5) cf^Q-Q-^}-^^ 

F 

Compound (2-5) nc^^hQ^^ 5.0 

F 

Compound (2-6) = 0^~V.c 5 H n ? ' 5 

Mixture X 64.5 



The anisotropies of refractive index (An) of Mixtures X and Y were 0.083 and 0.187, respectively. 
As seen from these values, the liquid crystal mixture of the present invention had the larger anisotropy of refractive 
45 index. 



50 



55 
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Example 17 

To Mixture A prepared in Example 1, the following compound (3-1), which is an example of the compound of the 
formula (3), was added in the following ratios to prepare Mixture Z. 

5 

Components of Mixture Z Mole % 

Compound (3-1) C 3 H 7 -Qh- ^y^y^c^ 15 

10 

Mixture A 85 



15 The anisotropies of refractive index (An) and the upper limit temperatures (TNI) of the nematic phase of Mixtures A 
and Z were as follows: 



Mixture 


An 


TNI 


Mixture Z 
Mixture A 


0.167 
0.136 


125 
72 



25 

As seen from the above values, the liquid crystal mixture of the present invention had the larger anisotropy of refrac- 
tive index and also the higher TNI. 

Example 18 

30 

To Mixture P prepared in Example 1 1 , the following compounds (1-6), which is an example of the compound of the 
formula (1), was added in the following ratios to prepare Mixture AA. 



35 



40 



Components of Mixture A A Mole % 

Compound (1-6) C 3 H 7 -^^ = = (~^~^-C3H 7 10 
Mixture P 90 



The anisotropies of refractive index (An) of Mixtures P and AA were 0.058 and 0.084, respectively. 
As seen from these values, the liquid crystal mixture of the present invention had the larger anisotropy of refractive 
45 index. 



so 



55 
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Example 19 



w 



The compounds (4-10) and (4-11), which are examples of the compound of the formula (4) or (10), were mixed in 
the following ratios to prepare Mixture AB. 



Components of Mixture AB 

Compound (4-10) CgHl 1 ~C^)~^^ CN 

Compound (4-11) C 3 H 7 -^^— £^-cn 



Mole % 
40 

60 



15 



20 



25 



To Mixture AB, the following compound (2-2), which is an example of the compound of the formula (2) or (6), was 
added in the following ratios to prepare Mixture AC. 



Components of Mixture AC 

Compound (2-2) NC ~"^3 ~ CD — V_ 

Mixture AB 



C 3 H 7 



Mole % 
10 

90 



30 



The anisotropics of refractive index (An), the anisotropy of dielectric constant (Ae) and the upper limit temperature 
of the nematic phase (TNI) of Mixtures AB and AC were as follows: 





Mixture 


An 


Ae 


TNI 




Mixture AB 


0.082 


7.8 


60 


35 


Mixture AC 


0.09 


9.4 


65 



As seen from the above values, the liquid crystal mixture of the present invention had the larger anisotropy of refrac- 
40 tive index. In addition, the liquid crystal mixture of the present invention had the larger anisotropy of dielectric constant 
and the higher TNI. 

Example 20 

45 To Mixture P prepared in Example 1 1 , the following compound (4-12), which is an example of the compound of the 
formula (4) or (8) or (13), was added in the following ratios to prepare Mixture AD. 



Mole % 



50 



Components of Mixture AD 
Compound (4-12) C 7 H 15 -^^— COO-^^-CN 10.0 

Mixture P 90.0 



55 
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To Mixture AD, the following compound (1-7), which is an example of the compound of the formula (1) or (5), was 
added in the following ratios to prepare Mixture AE. 



Components of Mixture AE 



Mole % 



Compound (1-7) C^-^y^ 13 '° 



Mixture AD 



87.0 



10 



The anisotropies of refractive index (An) of Mixtures AD and AE were 0.072 and 0.122, respectively. 
As seen from these values, the liquid crystal mixture of the present invention had the larger anisotropy of refractive 
75 index. 

Example 21 

The compound (1 -5), which is an example of the compound of the formula (1) or (5), the compounds (4-6) and (4- 
20 7), which are examples of the compound of the formula (4) or (9) or (10) or (12) or (16), and the compound (4-5), which 
is an example of the compound of the formula (4) or (8) or (1 1) or (15), were mixed in the following ratios to prepare 
Mixture AF. 



Components of Mixture AF 



Mole % 



25 



30 



35 



40 



45 



50 



Compound (1-5) ^-(h^— ^3 ~ ^V ch 13.0 

° 3 h 7 oc2Hi 

° 3H 7 c<h 9 



Compound (4-5) 
Compound (4-6) 
Compound (4-7) 



28.0 



24.8 



34.2 



The anisotropies of refractive index (An), the viscosities (n), and response parameters (t|/An 2 ) of Mixtures AF and 
A were as follows: 



Mixture 


An 


T| (cp) 


T|/An2 (cp) 


Mixture AF 
Mixture A 


0.146 
0.136 


14.2 
36.3 


666 
1963 



As seen from the above values, the liquid crystal mixture of the present invention had the larger anisotropy of refrac- 
tive index, the lower viscosity, and the smaller response parameter. 
55 Since the liquid crystal mixture of the present invention has a large anisotropy of refractive index, it will provide a 
liquid crystal device which can be used as an optical shutter or a display device examples of which are a STN liquid 
crystal device and a PDLC liquid crystal device. 

Some of the liquid crystal mixture of the present invention have a very large resistivity, it can be used as a component 
of a liquid crystal which uses the active matrix system such as TFT 
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The liquid crystal mixture of the present invention has a large anisotropy of refractive index (An). The liquid crystal 
mixture of the present invention includes those having a large anisotropy of dielectric constant (Ae) and a nematic phase 
in a wide temperature range including room temperature, in addition to the large anisotropy of refractive index (An), and 
those having a good response property because of a low viscosity and a small response parameter (T|/An 2 ). 

In view of the chemical structure of the liquid crystal compound to be contained in the mixture, the liquid crystal 
mixture of the present invention is expected to have a very sharp threshold value property, so that it is very useful to 
improve the picture quality of the STN liquid crystal device and to increase a yield of the liquid crystal devices. 

Claims 

1 . A liquid crystal mixture comprising 

(a) at least one compound selected from the group consisting of a compound of the formula (1): 




(i) 



wherein R is a Ci-C 12 alkyl group, a C 2 -C 16 alkenyl group or a C 2 -C 16 alkoxyalkyl group; X 1p X 2 , X 3 , X4, Y 1t Y 2 , 
Y 3 and Y 4 represent, independently each other, CH, CF or N; A is a hydrogen atom, a 4-R 1 -(cycloalkyl) group, 
a 4-R r (cycloalkenyl) group or a Rr(0) p group in which R A is a C r Ci 2 alkyl group, a C 2 -Ci 2 alkenyl group, a 
C2-C12 alkynyl group or a C 2 -Ci 2 alkoxyalkyl group, and p is 0 or 1 ; and Z is -C^C- or a single bond, 
a compound of the formula (2): 




(2) 



wherein B is a fluorine atom, a trifluoromethyl group, a trif luoromethoxy group or a cyano group; and R, X 1r X 2 , 
X3, Y i- Y 2, Y 3 , Y 4 and Z are the same as defined in the formula (1) and 
a compound of the formula (3): 




wherein C is a d-C^alkyl group, a C 2 -Ci 2 alkenyl group, a C 2 -C 16 alkoxyalkyl group, a 4-R r (cycloalkyl) group, 
a 4-R r (cycloalkenyl) group or a R 1 -(0) p group, a fluorine atom, a trifluoromethyl group, a trif luoromethoxy group 
or a cyano group; and R, X 1f X 2 , X 3 , X4, Y 1( Y 2 , Y 3 , Y 4 , R 1 and p are the same as defined in the formula (1), and 

(b) at least one compound of the formula (4): 




wherein rings C, D, E and F represent, independently each other, 1,4-phenylene, 1,4-cyclohexylene, 1,4- 
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cyclohexelene, 4,1-cyclohexelene, 2,5-cyclohexelene, 5,2-cyclohexelene, 3,6-cyclohexelene, 6,3-cyclohexe- 
lene, 2,5-pyrimidinediyl, 5,2-pyrimidinediyl, 2,5-pyridinediyl, 5,2-pyridinediyl, 2,5-dioxanediyl or 5,2-dioxanediyl, 
each of which may be substituted by 1 , 2 or 3 fluorine atoms; R 2 is a hydrogen atom, a CrCi 2 alkyl group, a 
C 2 -C 12 alkenyl group, a C1-C16 alkoxy group or a C2-C16 alkoxyalkyl group; R3 is a hydrogen atom, a fluorine 

5 atom, a fluoromethyl group, a dif luoromethyt group, a trif luoromethyl group, a fluoromethoxy group, a difluor- 

omethoxy group, a trifluoromethoxy group, a cyano group, a C1-C12 alkyl group, a C 2 -Ci 2 alkenyl group, a C r 
C16 alkoxy group or a C 2 -C 16 alkoxyalkyl group; Z 1( 2 2 and Z3 represent, independently each other, -COO-, - 
OCO-. -OCH 2 -, -CH 2 0-, a C1-C5 alkylene group, a C 2 -C 5 alkenylene group, a C^Cs alkynylene group or a 
single bond; J and K represent, independently each other, a methylene group or -O-; a, b, c, d and e represent, 

70 independently each other, 0 or 1 with the proviso that a sum of b, c and d is at least 1 (one), that when R 2 is an 

alkoxy group, a is 0 (zero), that when R3 is an alkoxy group, e is 0 (zero), and that in the case where R 2 and R3 
are not alkoxy groups, a is 1 when b is 1 and the ring C is a 1 ,4-phenylene, 2,5-pyrimidinediyl, 5,2-pyrimidinediyl, 
2,5-pyridinediyl or 5,2-pyridinediyl, or when b is 0, c is 1 and the ring D is 1 ,4-phenylene, 2,5-pyrimidinediyi, 
5,2-pyrimidinediyl, 2,5-pyridinediyl or 5,2-pyridinediyl, or when bisO, cis0,d is 1 and the ring E is 1 ,4-phenylene, 

75 2,5-pyrimidinediyl, 5,2-pyrimidinediyl, 2,5-pyridinediyl or 5,2-pyridinediyl; or e is 1 when the ring F is 1,4-phe- 

nylene, 2,5-pyrimidinediyl, 5,2-pyrimidinediyl, 2,5-pyridinediyl or 5,2-pyridinediyl, which compound (4) is not a 
compound of the formula (1), (2) or (3). 

2. The liquid crystal mixture according to claim 1 , which comprises at least one compound selected from the group 
20 consisting the compound of the formula (1) and the compound of the formula (2); at least one compound of the 

formula (3); and at least one compound of the formula (4). 

3. The liquid crystal mixture according to claim 1, which comprises at least one compound selected from the group 
consisting the compound of the formula (1 ) and the compound of the formula (2) ; and at least one compound of the 

25 formula (4). 

4. The liquid crystal mixture accrding to claim 1 , which comprises 



(a') at least one compound selected from the group consisting of a compound of the formula (5): 



30 



35 





40 



wherein R is a CrC 12 alkyl group, a C 2 -C 12 alkenyl group or a C 2 -C 16 alkoxyalkyl group; X 1f X 2 , X3, X4, Y1, Y 2 , 
Y 3 and Y 4 represent, independently each other, CH, CF or N; and A is a hydrogen atom, a 4 R r {cycloalkyl) 
group, 4-R 1 -(cycloalkenyl) group or a Rr(0) p group in which R<| is a C1-C12 alkyl group, a C 2 -Ci 2 alkenyl group 
or a C 2 -C 12 alkynyl group, and p is 0 or 1 , a compound of the formula (6): 



45 





50 



wherein B is a fluorine atom, a trif luoromethyl group, a trifluoromethoxy group or a cyano group; and R, X1, X 2 , 
X3, X4, Y 1( Y 2 , Y 3 and Y 4 are the same as defined in the formula (5) and a compound of the formula (7): 




(X)r 



(Y)s 



55 



(7) 
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wherein C is a hydrogen atom, a fluorine atom, a trif luoromethyl group, a tit luoromethoxy group, a cyano group, 
a 4-R r (cycloalkyl) group, 4-R r (cycloalkenyl) group or a Rr(0) p group in which and p are the same as 
defined in the formula (5); R is a C1-C12 alkyl group, a C 2 -C 12 alkenyl group or a CrC 16 alkoxyalkyl group; X 
and Y represent, independently each other, a hydrogen atom or a fluorine atom; and r and s are each an integer 
5 from 0 to 3, and 



(b') at least one compound selected from the group consisting of a compound of the formula (8): 



10 




15 

wherein R 2 is a hydrogen atom, a CrCi 2 alkyl group, a C2-C12 alkenyl group, a CrCi 6 alkoxy group or a C 2 - 
C-16 alkoxyalkyl group; rings L, M and N represent, independently each other, 1 ,4-phenylene, 1 ,4-cyclohexylene, 
2,5-pyrimidinediyl,5,2-pyrimidinediyl,2,5-dioxanediylor5,2-dioxanediyl;Z 1( Z 2 andZ3 represent, independently 
20 each other, -COO-, -OCO-, -OCH 2 -, -CHzO-, a C r C 5 alkytene group, a C 2 -C 5 alkenylene group, a C 2 -C 5 alky- 

nylene group or a single bond; is a hydrogen atom, a fluorine atom, a f luoromethyl group, a drf luoromethyl 
group, a trif luoromethyl group, a f luoromethoxy group, a difluoromethoxy group, a trifluoromethoxy group or a 
cyano group; W 2 and W 3 represent, independently each other, a hydrogen atom or a fluorine atom; and each 
f is 0 or 1 and a compound of the formula (9): 

25 



30 




wherein each R 2 is a hydrogen atom, a CrC 12 alkyl group, a C 2 -Ci 2 alkenyl group, a C1-C16 alkoxy group or a 
C 2 -C 1 6 alkoxyalkyl group; rings L, M, N and P represent, independently each other, 1 ,4-phenylene, 1 ,4-cyclohex- 
35 ylene, 2,5-pyrimidinediyl, 5,2-pyrimidinediyl, 2,5<lioxanediyl or 5,2-dioxanediyl; Z 1( Z 2 and Z3 represent, inde- 

pendently each other, -COO-, -OCO-. -OCH 2 -, -CH^-, a CrC 5 alkylene group, a C 2 -C 5 alkenylene group, a 
C2-C5 alkynylene group or a single bond; and each f is 0 or 1 . 

5. The liquid crystal mixture according to claim 4, which comprises at least one compound selected from the group 
40 consisting of the compound of the formula (5) and the compound of the formula (6); at least one compound of the 

formula (7); and at least one compound selected from the group consisting of the compound of the formula (8) and 
the compound of the formula (9). 

6. The liquid crystal mixture according to claim 4, which comprises at least one compound selected from the group 
45 consisting of the compound of the formula (5) and the compound of the formula (6), and at least one compound 

selected from the group consisting of the compound of the formula (8) and the compound of the formula (9). 

7. The liquid crystal mixture according to claim 1 , which comprises at least one compound selected from the group 
consisting of the compound of the formula (1) and the compound of the formula (2), and at least one compound of 

so the formula (4), provided that the mixture contains at least one compound of the formula (4) in which at least one 
of the rings C, D, E and F is 1 ,4-phenylene, 1 ,4-cyclohexelene, 4,1-cyclohexelene, 2,5-cyclohexelene, 5,2-cyclohex- 
elene, 3,6-cyclohexelene, 6,3-cyclohexelene, 2,5-pyrimidinediyl, 5,2-pyrimidinediyl, 2,5-pyridinediyl, 5,2-pyridin- 
ediyl, 2,5-dioxanediyl or 5,2-dioxanediyl, each of which is substituted by 1 , 2 or 3 fluorine atoms. 

55 8. The liquid crystal mixture according to claim 1 , which comprises at least one compound selected from the group 
consisting of the compound of the formula (1) and the compound of the formula (2), and at least one compound of 
the formula (4) in which the ring F is 1 ,4-cyclohexylene, 2,5-dioxanediyl or 5,2-dioxanediyl, each of which may bed 
substituted by 1 , 2 or 3 fluorine atoms. 
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9. The liquid crystal mixture according to claim 1, which comprises at least one compound selected from the group 
consisting of the compound of the formula (1) and the compound of the formula (2), and at least one compound of 
the formula (10): 



■R 3 do) 



w 



wherein the rings C, D and E, R 2 , R3, Z-i, Z 2 , Z3, J, a, b, c and d are the same as defined in the formula (4). 

10. The liquid crystal mixture according to claim 1 , which comprises at least one compound selected from the group 
15 consisting of the compound of the formula (1 ) and the compound of the formula (2), and at least one compound of 
the formula (4) in which the ring F is 1 ,4-phenytene, 2,5-pyrimidinediyl, 5,2-pyrimidinediyl, 2,5-pyridinediyl or 5,2- 
pyridinediyl, each of which may be substituted by 1 , 2 or 3 fluorine atoms. 

r i 

j {11. The liquid crystal mixture according to claim 1, which comprises at least one compound selected from the group 
\ 30 ( consisting of the compound of the formula (1 ) and the compound of the formula (2), and at least one compound of 
\ \ the formula (11): 

\ 




op, 



30 



35 



40 



45 



wherein R 2 , J and the rings C and D are the same as defined in the formula (4); a and g are each 0 or 1 ; and f is 0, 
1 or 2, provided that, when R 2 is an alkoxy group, a is 0, and that in the case where R 2 is not an alkoxy group, a is 
1 when g is 1, and the ring C is 1 ,4-phenylene, 2,5-pyrimidinediyl, 5,2-pyrimidinediyl, 2,5-pyridinediyl or 5,2-pyrid- 
inediyl, which compound (1 1) is not a compound of the formula (1) or (2). 

12. The liquid crystal mixture according to claim 1, which comprises at least one compound selected from the group 
consisting of the compound of the formula (1) and the compound of the formula (2), and at least one compound of 
the formula (12): 




(ff)f 

(12) 

g 

wherein R 2 , J, the rings C and D, a, g and f are the same as defined in the formula (11); and R3 and K are the same 
as defined in the formula (4), provided that e is 0 when R3 is an alkoxy group or e is 1 when R3 is not an alkoxy 
group, which compound (12) is not a compound of the formula (1) or (2). 

13. The liquid crystal mixture according to claim 1, which comprises at least one compound selected from the group 
consisting of the compound of the formula (1) and the compound of the formula (2), and at least one compound 



55 



73 

BNSDOCID: <EP 0709444A1J_> 



EP 0 709 444 A1 

selected from the group consisting of a compound of the formula (1 3): 



10 



15 



20 




(ff) 



<2>-COO— CN (13) 



wherein R 2 , J, the rings C and D, a, g and f are the same as defined in the formula (11), provided that a is 0 when 
R 2 is an alkoxy group, and that in the case where R 2 is not an alkoxy group, a is 1 when g is 1 and the ring C is 1 ,4- 
phenylene, 2,5-pyrimidinediyl, 5,2-pyrimidinediyl, 2,5-pyridinediyl or 5,2-pyridinediyl, which compound (13) is not a 
compound of the formula (1) or (2) and a compound of the formula (14): 




coo 




(14) 



25 



40 



45 
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wherein R 2 , J, the ring C, a, g, R 3 , K, e and f are the same as defined in the formula (1 1); and h is 0 or 1, which 
compound (14) is not a compound of the formula (1) or (2). 



14. The liquid crystal mixture according to claim 1 , which comprises at least one compound selected from the group 
consisting of the compound of the formula (1) and the compound of the formula (2), and at least one compound of 
the formula (4) in which the ring F is 1,4-cyclohexelene, 4,1-cyclohexelene, 2,5-cyclohexelene, 5,2-cyclohexelene, 

30 3,6-cyclohexelene or 6,3-cyclohexyiene, each of which may be substituted by 1 , 2 or 3 fluorine atoms. 

15. The liquid crystal mixture according to claim 4, which comprises at least one compound selected from the group 
consisting of the compound of the formula (5), the compound of the formula (6) and the compound of the formula 
(7), and at least one compound selected from the group consisting of a compound of the formula (15V 

35 




(15) 



wherein R 2 is a hydrogen atom, a C r C 12 alkyl group, a C 2 -C 12 alkenyl group, a C r C 16 alkoxy group or a C^de 
alkoxyalkyl group; rings L and M represent, independently each other, 1 ,4-phenylene, 1 ,4-cyclohexyfene, 2,5-pyri- 
midinediyl, 5,2-pyrimidinediyl, 2,5-dioxanediyl or 5,2-dioxanediyl; W 1 is a hydrogen atom, a fluorine atom, a fluor- 
omethyl group, a difluoromethyl group, a trrfluoromethyl group, a fluoromethoxy group, a difluoromethoxy group, a 
trrfluoromethoxy group or a cyano group; W 2 and W 3 represent, independently each other, a hydrogen atom or a 
fluorine atom; and each f is 0 or 1 and a compound of the formula (16): 



R 



(16) 



wherein each R 2 is a hydrogen atom, a C r Ci 2 alkyl group, a C 2 -C 12 alkenyl group, a Crde alkoxy group or a C 2 - 
C 16 alkoxyalkyl group; rings L, M and N represent, independently each other, 1 ,4-phenylene, 1 ,4-cyclohexylene, 
2,5-pyrimidinediyl, 5,2-pyrimidinediyl, 2,5-dioxanediyl or 5,2-dioxanediyl; and each f is 0 or 1 . 
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16. The liquid crystal mixture according to claim 4, which comprises at least one compound selected from the group 
consisting of the compound of the formula (5) and the compound of the formula (6), at least one compound of the 
formula (7), and at least one compound selected from the group consisting of the compound of the formula (15) and 
the compound of the formula (16). 

17. The liquid crystal mixture according to claim 4, which comprises at least one compound selected from the group 
consisting of the compound of the formula (5) and the compound of the formula (6), and at least one compound 
selected from the group consisting of the compound of the formula (15) and the compound of the formula (16). 

18. The liquid crystal mixture according to claim 1, wherein R is an alky! group, alkenyl or alkoxyalkyl group which is 
f luorinated, and at least one of R , , R 2 and R 3 is a al kyl group, alkenyl, alkynyl or alkoxyalkyl group which is f luorinated. 

19. The liquid crystal mixture according to claim 4, wherein R is an alkyl group, alkenyl or alkoxyalkyl group which is 
fluorinated, and at least one of ^ and R 2 is a alkyl group, alkenyl, alkynyl or alkoxyalkyl group which is fluorinated. 

20. A liquid crystal device comprising a pair of electrode substrates, and a layer of a liquid crystal mixture according to 
any one of claims 1 to 1 9 present between said pair of the electrode substrates. 
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